manufacture plants. Asbestos is a useful material, but on the other hand, it is well known to be carcinogenic and responsible for a variety of malignant diseases such as lung cancer and mesothelioma 7) . Clinical and epidemiological studies have established beyond all reasonable doubt that chrysotile asbestos causes cancer of the lung, malignant mesothelima of the pleura and peritoneum 7) . However, the effects of asbestos on the human body need further reconsideration 8, 20) . Thomson 9) were the first researchers to address the potential impact of emissions from the brake linings of vehicles during braking on ambient air concentrations of asbestos.
Many uses of asbestos involve more than one fiber type; for example, thermal pipe insulation frequently contains amosite and chrysotile fibers the main constituent in most friction products. For intensity during the period of exposure, a four-level scale was developed i.e., very low, low, moderate, high. Very low was considered below the limit of detection using phase-contrast microscopy 10) , low was assigned for exposures likely to be above the limit of detection but below 2 fibers/cc (f/cc), medium, 2-7.9 f/cc; and high, or more f/cc, during the measurement 10) . Anderson 19) , a reported that the asbestos content in brake dust ranged from 0.02 to <1%, thereby confirming the hypothesis that most of the asbestos in the original lining material (which was composed of about 35% to 65% asbestos) was thermally degraded during braking. The American conference of Governmental Industrial Hygienists (ACGIH) threshold limit value (TLV) and OSHA PEL for respirable asbestos is 0.2 f/cm 3 and 0.1 f/cm 3 respectively 11) . The aerodynamic behavior of a fiber and consequently, its deposition site in the respiratory tract is in fenced by its diameter more than by its length 12) , with a geometrical diameter less than 2 to 3 µm may reach the alveolar region independent of their length 13) , but it is known that the fiber toxicity depends strongly on the fiber length, as fibers shorter than the average macrophage diameter are more easily neutralized than longer ones, which may injure the cell membrane and cause a leakage of enzymatic substances 14) . The standard method for determining occupational exposure in most countries is the "membrane filter method" 12) , in which fibers are collected, using cowled sampling heads, onto filters and counted using phase contrast optical microscopy(PCM). Lippmann 15) , also recognized the importance of using a thoracic selector in that it would limit the fiber analysis to those most closely associated with disease and it would prevent particles and fibers with aerodynamic diameters greater than 10 µm from obscuring the fibers of interest on the filter surface.
There exist 26 brake lining manufacturing plant in Iran at which approximately 3,000 workers are exposed to asbestos dust annually. As mentioned previously, the occupational health and epidemiologic data currently available to evaluate the asbestos exposures in the automobile brake lining manufacture plant are very insufficient. Thus, the results of the study, can provide field information for the risk assessment of asbestos-related diseases in Iran. The aim and objectives of current study was to focuses on the assessment of workers exposure to asbestos fibers and total dust in a major brake lining plant with inadequate emission control system in an industrially developing country.
Materials and Methods

Process description
This study was carried out in a friction material manufacturing plant in Iran. In this plant, friction materials, such as brake lining or brake pads, are manufactured by dry process. This involves material preparation resulting in the mixing of dry components, performing this mixture in cold presses, hot pressing and curing then preformed pieces, and cutting, grinding, drilling as well as finishing. In the dry brake lining production after the mixing of asbestos fibers and other raw materials such as toluene, sulphur, ferrous oxide, carbon black, graphite, lead and etc, the compounded materials are charged into molds at steam process. Brake lining production require large numbers of finishing machines such as grinding, drilling, and cutting equipment to make the end products. Chrysotile asbestos, the main constituent in most friction products, other types of asbestos, i.e. crocidolite or blue asbestos, or amosite or brown asbestos are not being used in the manufacture of brake lining. Other materials, e.g. resin or functional fillers are generally received in bags or drums that must be stored in the plant station. Some of these materials are toxic and care must be taken not to generate dust during storage and handling. In the plant, workers have potential exposure to air borne dusts from the bevel, mixing, and polishing process.
Air sampling
In the brake lining factory personal and area samples were collected to determine the exposure to total dust and respirable airborne asbestos. Total dust and airborne asbestos concentration were collected at the process and personal breathing zone during June -July 2002. Total dust samples were collected in the fixed locations at operators' work stations in the process positioned approximately 5 ft above the floor with the face of the filter at a 45˚ angle toward the floor. Total dust samples were collected using a 5 µm pore size and 37 mm diameter polyvinyl chloride filter (PVC) attached to 37 mm closeface cassette holder connected to a personal sampling pump at flow rate 1.5 l/min (SKC model 224-PCX R3).
Seventy five personal breathing zone samples were collected on open-face, 25-mm diameter, 0.8-µm pore size mixed cellulose (MCE) filters and a cellulose support pad contained in a three piece cassette with a 50-mm conductive extension cowl. The filter assembly was attached to a battery-powered personal sampling pump operating at a flow rate of approximately 1.7 l/min. The duration of personal sampling for airborne asbestos ranged from 30 to 60 min and those area sampling for total dust from 60 to 120 min.
Sample preparation and measurement
The 5-µm pore size PVC filters were prepared and analyzed according to the gravimetric method specified in the nuisance total dust to OSHA code 16) . The mass of dust in all samples were weighted to 0.0001g on a calibrated sortorious balance before and after sampling. In order to obtain precise results, all filters were allowed to equilibrate in desecrator atmosphere for 24 h prior to weighting. For the asbestos fiber analysis, the 0.8-µm pore size MCE filters were analyzed by PCM. These samples were prepared and analyzed according to OSHA method ID 160/cod. The analytical sensitivity was approximately 0.01 f/cc of air sampled.
Results
Airborne total dust samples
Exposure of the workers to total dust according to their job in the two section of the plant is shown in Tables 1  and 2 . The duration of personal sampling for total airborne particulates ranged from 1-2 h. Efforts were directed toward conducting air sampling during work tasks representative of work performed during the entire shift. The average of total dust particle concentration in the processes and operation is measured at 9.6 mg/m 3 (range: 2.08-16.32 mg/m 3 ), of which approximately 100% consists of thoracic particles(≤10 µm). With regard to finding, the workers who worked in bevel process had the highest exposure to total dust; 16.32 ± 0.5 mg/m 3 , while the milling process workers had lowest exposure; 2.08 ± 0.16 mg/m 3 .
Air sampling showed that at operators' work stations, the concentration of 25% of total airborne particulate samples exceeded the threshold limit value (TLV) of 15 mg/m 3 recommended for total (nuisance) dust by OSHA and 50% exceeded the threshold limit value(TLV)of 10 mg/m 3 per day for total (nuisance) dust by the American Conference of Governmental Industrial Hygienists 11) .
PCM concentration
Airborne asbestos fibers concentrations are presented in Table 3 f/cc which belonged to mixing process. All of the individual PCM concentrations exceeded than the OSHA PEL of 0.1 asbestos fiber (>5 µ) /cc 17) . Consequently, calculated 8-h TWA concentrations based on these measured levels would exceed to the OSHA PEL. Table 5 , presents the particle size statistics and distribution results from 3,000 counted particles in the different processes and operation. The statistics and distribution of particle sizes are important means by which we can identify and solve air quality problems. According to the counted particles, the count mode and geometric mean diameter of the particles are 1.5 µm and 6.02µm, respectively. The count mean diameter or the arithmetic mean of the number distribution also was, 8.4 µm. According to OSHA definition of fiber, it has been indicated that from 3,000 counted particles, 90% of particles are in the form of non-fiber and reaming (10%) have fiber-shaped. Also size of 60.4% of counted particles is lower than 10 µm (i.e. 1,814 out of 3,000 counted particles), from which only 8% (145) have the length of less than 5 µm comprising the fibers. The asbestos structures were predominantly chrysotile.
Particle size distributions
Discussion
This study was performed in a major brake lining manufacture plant with typical occupational health and hygiene problems that may exist in many developing countries. Evaluation of asbestos exposure in the developed and developing countries are very important. This is also the first study the occupational exposure to airborne asbestos in the brake lining manufacture plant in Iran. Excessive exposure may result in a diffuse interstitial fibrosis of the lung parenchyma (asbestosis), and cancer. These pathologies were already known in the 1950s and 1960s and described in numerous publications 14, 18) . As the results show the workers who work in bevel process are exposed to the highest concentration of total dust (16.32 ± 0.5 mg/m 3 ), while the milling process workers have the lowest exposure (2.08 ± 0.16 mg/m 3 ). During the course of study and without a turned on dust collector, the break lining production processes was generally filled with visible dust. This was particularly evident when the bevel and mixing process and operation were functioning. This study was performed during the summer months when the side windows were left fully open to facilitate natural ventilation. Many workers claimed that then levels of airborne particulate were much higher in the winter months, when the side windows in the work area are kept partially or fully closed. The highest individual PCM concentration (1.85 f/cc) was measured during the old mixer operation. All of the individual PCM concentrations exceeded than the OSHA PEL of 0.1 f/cc. The average personal asbestos fiber concentration of the processes (0.78 f/cc), i.e., 7.8 times above than current OSHA PEL criteria. Congruent with many studies 3, 4) , this study confirms that brake lining manufacture workers have a higher asbestos exposure in the mixing, polishing, drilling, and bevel processes. As seen in other studies [3] [4] [5] [6] , all of the reports of airborne asbestos concentration were for the automobile repair and service industries. The results of the studies, indicated that the mean airborne asbestos fiber concentrations during the drilling, grinding and beveling processes were 0.7, 2.7 and 37.3 fibers /cm 3 , respectively 3, 4) . These values are higher than those measured in the present study. Boillat and Lob 3) , found that asbestos concentrations measured during the drilling and grinding of brake lining, has ranging from 0.3 to 29.2 fibers /cm 3 . In a study of truck brake shoes maintenance and repair, Rohl 4) , indicated that the average asbestos concentration in the vicinity of the operator during the beveling processes of truck brake shoes on a grinding machine was 37.3 fibers /cm 3 . Hence, numerous analytical methods have been developed for the analysis of airborne asbestos, however, the most precise method which is phase contrast optical microscopy (PCM), has been used in this study. This study has been performed for the first time in the brake lining manufacture plant in a industrial developing country. The size particles distribution has been done by using of fiber counting samples. According to OSHA definition of fibers, it has been indicated that from 3,000 counted particles, 90% of particles are in the form of non-fiber and remaining have fiber-shaped. With regards to geometric mean diameter of the particles (6.02 µm) and Table 5 , the size distribution of particles is lognormal distributed. The PCM procedure is able to count the number of respirable fibers (particles longer than 5 µm, with a length to diameter aspect ratio of 3:1 or more, but thinner than 3 µm) per unit graticule area 11) . It is important to note that, lower asbestos structures have been demonstrated by the transmission electron microscopy (TEM) method. Congruent with many studies 3, 13, 15) , this study confirms that the fibers thinner than 0.25 µm are not visible by PCM. Therefore, the interpretation of the PCM data generated during brake lining manufacture operations should keep in mind the limitations of the light microscope as well as the analytical protocol. There are some limitations to this field research. First, in this study the factory were not selected randomly and the number of sample was small. Second, the air sampling was performed during the summer months when the side windows were left fully open, while levels of airborne particulate were much higher in the winter, when the side windows in the work area are kept partially or fully closed. Third, it is possible that the dust collector (Bag house) may have been turned on and air exchanges will increase during the air sampling. Regardless of these limitations, we believe our data generally could be useful for retrospective exposure assessments in the brake lining manufacture plants in Iran and other countries.
Conclusions
In conclusion, exposure to total dust and airborne asbestos were generally higher in the brake lining manufacture processes which is constructed in developing country than in similar operations in developed countries. This may be attributed in part to the fact that the process flow and machinery are often imported and assembled without application of adequate engineering controls such as local exhaust ventilation hoods on the process or complete understanding of proper safe work practices. In general, airborne concentrations of asbestos during the processes of brake lining production in the plant, as well as the 8-TWA concentrations, were above the applicable OSHA occupational standard for the 1990s, 2001s, and 2002s. Improvements in housekeeping and the ventilation system to reduce air contaminant levels are strongly recommended. The use of technology makes it possible to manufacture high quality non-asbestos brake lining is also advised to provide main protection in the developing countries. 
